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Abstract 
Learning styles are important determinants of the use the electronic learning materials in education. These materials consist of 
many structural elements, of which some respect individual learning styles more and some less. In the realized research, the 
question has been solved of whether the particular components of electronic teaching materials are the same for different 
groups of students with respect to their individuality, which can be manifested by preferred learning styles. The course and 
some of the partial results of the realized research, focused on the use of learning styles in education realized in the form of         
e-learning, are presented in this study. 
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1. Learning styles and their classification 
"Learning styles are defined as the procedures of teaching which an individual prefers in a certain period of 
his or her development" (Mares, 1998). Although the above named definition sounds very simple, we come 
across many types of definitions of this term in literature, which L. Curry aptly labelled as "a confusion in the 
definitions" (Curry, 1990). Since the explanation of the links between the concepts of cognitive learning style and 
learning style would exceeded the scope of this study, we refer to a very thorough discussion of this issue, stated 
by J. Mares (Mares, 1998). The majority of authors have agreed at least on the fact that the basis of individual 
learning styles is the most probably hereditary, but can be changed during the life intentionally and inadvertently 
due to new experiences. Learning styles can be understood as meta-strategy, which brings together distinct 
learning strategies, teaching tactics and learning operations. It monitors them, evaluates and leads in a certain 
direction. It regulates them with regard to the conditions of learning, the learning process itself and the learning 
outcomes achieved with regard to the social context of learning. Learning styles lead individuals to the learning 
outcomes of a particular type, but can also complicate the achievement of other results (often better). A person 
usually does not realize his or her learning styles; he or she does not analyze them systematically or improve 
them coherently (Mitchell, 1994). Learning styles are usually perceived by an individual as obvious, routine and 
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habitual processes, satisfactory to him or her, in some cases even as optimal procedures for himself or herself 
(Sak, Mares, 2007). 
A learning style is characterized by a layered, onion-shaped structure, which according to L. Curry (Curry, 
1990) consists of personality descriptors, a tendency to process information and also social influences. American 
author JC Marshall (Marshall, 1987) defines this structure more exactly and describes the deepest layer as the 
most stable and least changeable, the middle layer as changeable by a long-term and targeted action and the top 
layer as rather unstable, and relatively easily influenced by a learning environment (Mares, 1998) . The resulting 
combination of these layers determines the pupil's learning preferences (Simonova et al., 2010). The evaluation 
aspects are further influenced by hereditary factors, particularly by neuropsychological mechanisms. For 
example, R. Dunn (Dunn, 2003) studied the preferences of hemispheres and found out that students with the 
dominant left hemisphere preferred traditional learning environment, visual learning and structured content, 
while students with the dominant right hemisphere preferred to learn in a group with a background music (music) 
in informal setting, with unconventional furniture and also preferred a tactile learning and experimentation to 
auditive, visual, precisely structured learning (Simonova et al., 2010). H. Gardner (Gardner, 1984) introduced the 
theory of multiple intelligences which is discussed up to these days. In his theory, he defined seven different 
kinds of intelligence that should better describe the diversity of human abilities. In year 1993 he found out that 
students of all ages used the different methods for solving certain types of tasks (Gardner, 1995). He therefore 
adopted the assumption that the individual reacts differently to different types of content and to the other 
individuals on the basis of their ability (their intensity and the mode of operation). 
As I. Simon's states, "the definitions of learning styles based on his own nature, which means the different, yet 
correct view of the problem, have led to many concepts of learning styles. Although various models show some 
of the same approaches, they have been developed in various scientific institutions, without cooperation of the 
authors and have been described in a different terminology." F. Coffield (Coffield et al., 2004) selected 71 styles 
according to the criteria of importance, prevalence and impact on the others and compiled the following groups 
(Simonova et al., 2010): 
 
x Model R. and K. Dunn, who consider learning and cognitive style as a permanent and very difficult variable 
way, because the way of knowing and learning is genetically determined (Dunn, 2003).   
x The concept of Witkin, Riding a Cheema, based on the theory that the styles are generally customs, permanent 
and stable base, which is based on the behaviour of individuals, and as such are not educationally influenced, 
it is not possible to change them (Riding, Cheema, 1991).  
x Model of Myers and Briggs (Myers, Briggs, 1985), based on Jung's concept of personality, in which learning 
style is seen as part of a relatively permanent personality type, and is visible from the outside environment 
(Coffield, F. et al., 2004).  
x The concept of Kolb (Kolb, 1984), Honey and Mumford (Honey, Mumford, 2002), Felder and Silverman 
(Felder, Silverman, 1998), in which the learning style is not considered as a permanent, unchanging 
personality trait, but it is defined as a preference of a specific learning way which currently varies depending 
on the particular situation.  
x Models of Pask (Pask, 1976) and Vermunt (Vermunt, 1996) who used strategies (approaches) as the 
oppositions of styles and also took into account the previous experience and contextual influences. The 
strategy is based on the perception of tasks and the ways of their solution. 
For the determination of specific learning styles a questionnaire method is commonly used, in combination of 
various types of questionnaires (Turek, 2004). There is a range of questionnaire methods available today for an 
identification of learning styles, which have been used not only by the authors of the above named concepts, but 
also by other experts, such as Biggs, Schmeck, Makarov, Orlov, Entwistle, Gregorc etc. A comprehensive 
description and characteristics of the most commonly used questionnaires for diagnostics of learning styles is 
stated in the publications of J. Mares (Mares, 1998) and I. Simonova (Šimonová, 2010). 
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An interesting approach to the diagnostics of learning styles according to the sensory preferences (Fleming, 
Mills, 1992) is represented by VARK classification (acronym for Visual, Aural, Read / Write, kinesthetic). The 
author of this classification and the related questionnaire is N. Fleming (Fleming, 1995). This classification of 
learning styles is characterized by taking into account the type of sense which is preferred by students in the 
process of learning.   
x V means VISUAL, thus visually nonverbal. Student with this preference can learn best when the curriculum is 
prepared in visual forms such as pictures, graphs, charts, diagrams, maps and photographs.  
x A means Aural, an auditory learning style. Student with this learning style prefers to listen and speak before 
reading or writing.  
x R means READ / WRITE, a visually verbal learning style. Student with this preference can best learn by 
reading textbooks.  
x K means KINESTETIC learning style. Student with this learning style prefers to learn by doing something 
with the teaching materials or manipulating with them. We do not speak about students of physical education 
here, but the students who want to manipulate, even internally with objects or with symbols. 
VARK questionnaire contains 13 questions, which are based on everyday situations because this classification 
is focused on the autodetection of preferred learning style in adolescents or adults - typically university students 
or participants of lifelong learning (Fleming, 1995). Each questionnaire item contains 3 or 4 optional answers and 
the respondent is supposed to mark the answer that best describes his reaction to the situation. The respondent 
may mark even more choices in case that more answers describe his reactions.  
2. Possibilities of the use of the learning styles in e-learning 
    An example of the use the learning styles in e-learning is a system of teaching Web, which has been introduced 
by J. Mares in 2004 (Mares, 2004). Such system was primarily based on the articles of Ross and Schulz (Ross, 
Schulz, 1999), who have proposed to adapt an instructional Web (the predecessor of today's e-learning) to the 
different learning styles. Within the framework of the Web adapted on the sensory styles, J. Mares distinguishes 
and highlights a visual Web (which means web supporting the visual learning style), which naturally offers the 
majority of visual materials (static texts, images, graphics, animation, videos etc.). An auditory Web (i.e. Web, 
which supports the auditory learning style) should offer mainly texts or audio recordings of lectures, music and 
discussions realized by voice transmission. Since students with the kinesthetic (haptic) learning style prefer active 
work, practical examples, and/or searching for solutions applicable in practice, a kinesthetic Web should provide 
the ability to perform virtual experiments, to solve problems on the puzzle principle etc. Although the original 
article was written in 1999 and the above-mentioned applications later, in 2004, the direction has been shown 
which is possible to follow also in the current days. It is also evident that the concept of educational Web adapted 
on the sensory learning styles is very close to the above named VARK classification of learning styles, which 
was thus developed into the shape of separate teaching websites, from which students could choose the one that is 
the closest to his or her preferred learning style. Finally, it should be noted that J. Mares also described websites 
adapting to the social and cognitive learning styles (Mares, 2004). The two remaining types of educational 
websites are not important in our point of view with regard to the following text so we can refer to that primary 
source for more details. An important aspect is the fact that the authors of all types of educational websites 
recommended a maximum use a new phenomenon at the time - multimedia. 
In this context, the interest of teachers was focused on the modern electronic learning materials based on 
digital technology using multimedia (Sokolowsky, Grey, 2002). "Multimedia is a computer-integrated time-
dependent or time-independent media that can be interactive, which means individually and selectively invoked 
or processed" (T. Svatos, in Prucha, 2009). According to N. and J. Chapman (Chapman, Chapman 2001) it is 
possible to derive the components of electronic learning materials that "are mediated by demanding technical 
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sets, in which the computer technology represent the main part – and only itself is able to transfer information 
from the different sources into a common environment by the process called digitalization"(Chapman, Chapman, 
2001). Electronic materials are therefore a "new" type of educational materials that contain several components 
allowing the full use of the potential of digital technologies in the educational process. Basic components of the 
electronic learning material consists of (1) hypertext, (2) graphic files, (3) sound (4) the video; (5) animation 
(Chapman, Chapman, 2004) and it is possible to define it as "one of the new educational technology, which uses 
the simultaneous action of pedagogical information from various media sources for an accomplishment of 
educational objectives. These sources are deliberately and purposefully aligned (usually in an electronic form) 
and are interactively offered to the learner for the sensory perception and mental processing "(T. Svatos, in 
Prucha, 2009 ). 
The electronic education (abbreviated as e-learning) uses the above named facts and is used widely as a 
method of teaching in distance learning. The concept of e-learning, or even its quality is often perceived and 
defined inconsistently (Eger, 2004). The main reason is the different terminology, which is largely influenced by 
language factors and also due to the diversity of approaches and technologies. In the transatlantic area, for 
activities supported by ICT (e-support) usually relatively stable terms as Computer-Based Training (CBT), 
Internet-Based Training (IBT) or web-Based Training (WBT) (Zounek, 2009) instead of the term e-learning 
(Lowenthal, Wilson, 2009) are used. In the European area, there is a consensus on the use of a uniformed concept 
of e-learning, which is, according to information of e-learning portal Elearningeuropa.info understood as "the 
application of new multimedia technologies and the Internet in education in order to improve its quality by 
enhancing the access to resources, services and to exchange of information and cooperation "(Simon, 2010). 
E-learning in this conception includes not only a variety of tools that are used for presentation, transfer of 
educational content and learning management, but also for the entire spectrum of communication channels. The 
use of tools is enabled by Learning Management System (LMS), which is a necessary condition for a truly 
effective learning process using e-learning. LMS therefore represents a virtual "classroom" environment in which 
are included electronic learning materials, sample tests, academic instructions, exercise plans or discussion 
forums (Mauthe, Thomas, 2004). To the basic tools of e-learning belong - outside the LMS - also appropriately 
structured and adapted educational didactic texts, mainly abbreviated as e-learning materials or as multimedia 
educational materials (cf. Paulsen, 2003; Gray, 2010; Kopecký, 2006). Electronic learning materials, used in the 
distance learning in the form of e-learning, have their own characteristics, because they are designed to a study 
form, which is characterized mainly by a higher level of independence and individuality (Bates, Poole, 2003). 
3. Electronic learning materials used in e-learning and their structure 
Electronic learning materials can be characterized as fully electronic, hypertext interactive learning materials, 
created for the purpose of the implementation of the distance learning through e-learning. They are designed to 
allow easy orientation in a curriculum, primarily by the use of hyperlink text layout and use of a wide range of 
multimedia elements, which are intended to stimulate as many components of the student's perception as 
possible. Electronic learning materials should thus contain not only the text, but also elements that are able to 
draw attention to important terms and also continuously motivate the learner and retain his attention by pictures, 
videos, sound recordings etc. It consists therefore of hypertext and other elements such as blocks notes, 
definitions and examples that are implemented directly into hypertext (and are highlighted by icon or marginal), 
and also of multimedia elements prepared in the form of files and web destinations. Multimedia elements are 
typically stored as objects in a local store and then included into the text of the e-learning material (Gray, 2010). 
A characteristic attribute of such structured electronic learning materials used in e-learning is that their 
structure is extended by various multimedia and interactive elements (animations, multimedia records, dynamic 
simulation, sound recordings etc.). In this extension of dynamic interactive elements and multimedia extensions 
we can see the main difference between electronic learning materials for study in the form of e-learning and the 
printed study materials used in another form of distance learning. This structure is defined in this way f. e. by K. 
Kopecky (Kopecky, 2006). 
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x Static elements. 
x Dynamic elements. 
x Evaluation and verification system. 
E-learning material for distance learning in the form of e-learning represents in this concept a functional link 
between the text and multimedia to achieve an effective study support (Kopecký, 2006). This concept of defining 
the structure of electronic learning material is primarily based on the nature of individual structural elements, 
with an  emphasis on their static (text, static image information etc.) or dynamic (video, animation, simulation 
etc.) character. However, some important individual needs of students, which may manifest themselves as styles 
of learning, are not taken into account. Besides the above mentioned use of styles in e-learning, we have not 
found in the available resources any typology of structural elements of electronic materials, that accounts the 
learning styles of students by classification VARK, and that would be supported by any results of any valid 
research. 
4. Design, methods and research sample description  
Electronic learning materials for distance education through e-learning consist of many elements, which are 
divided into static and dynamic groups. In our research, we have examined whether all of these groups of 
elements are the same for the different groups of students to best respect their individuality which can be 
manifested by a preferred learning style according to the VARK classification, i.e. whichever of student´s senses 
are preferred in the process of learning. Based on these facts, we have decided to establish a research assumption 
and verify it with the help of cluster and factor analyses. The following research assumption was stated: variance 
of results in evaluation of the particular structural elements of electronic learning materials based on the student's 
learning style preferences can be explained by 4 factors, which represent 4 learning styles according to the 
VARK classification. We suppose that the establishment of the research assumption is sufficient to prove the 
validity of the proposed typology of structural elements of electronic learning materials based on learning style 
preference, as it is a suitable substitution of the research hypotheses. The assumption was made by using 
multivariate (multidimensional) statistical methods, i.e. cluster and factor analysis, in accordance with the stated 
purpose of the research. 
As a basic research method needed for an adequate proof of research assumption was used factor analysis 
(McDonald, 1991), which is a statistical method used to divide the critical combination of factors with a high 
degree of correlation in a large data set. Factor analysis thus allows finding of latent (indirectly observed) causes 
of data variability. Thanks to the latent variables (factors) it is possible to reduce the number of variables while 
retaining the maximum of information, and it is also possible to find the relation between the observed variables 
and derived factors. A separate problem of factor analysis is the so-called spin of the factors (StatSoft, 2001). It 
has already been shown that all factor loadings obtained by an orthogonal transformation of the initial solution 
(matrix multiplication of factor loads generally by orthogonal matrix) have the same ability to reproduce the 
initial covariance (or correlation) matrix (Hebák, Hustopecký, 1988). This transformation is called the rotation of 
the factors which aims to get the most convincing explanation of the various factors, which was a prerequisite for 
the confirmation or refutation of established research assumption. 
Besides non-parametric tests for dependent samples that are used for ordinal variables and in which are 
necessary for the insertion of the similarity of variables that we want to identify, there are also used methods 
aimed at clustering. Because the diversity of groups of variables is measured simultaneously, these tasks are 
referred to in literature (especially in the context of the term "data mining") as segmentation (Řezanková, 2010). 
Therefore, the next research method used in determination of the typology the structural elements of electronic 
learning materials based on learning style according to the VARK classification, was the cluster analysis 
(Pecáková, 2008). The cluster analysis belongs to the methods dealing with the studying of similarity between 
multidimensional objects (objects in which more variables are measured) and their classifying into the particular 
groups (clusters). It is possible to apply it on objects with natural tendency to be formed into groups (it was 
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formed as a taxonomic method), but its use is also possible in other areas (Meloun, Militký, 2006). The basic 
approach of cluster analysis therefore means that each object is uniquely assigned to one cluster. However, the 
real objects can be of different nature: it is possible to clump also living organisms, as well as text documents or 
web pages (Řezanková, Húsek, Snášel, 2007). 
As an initial research tool for obtaining data necessary for the research investigation the questionnaire was 
used. The classification structure of research methods classifies questionnaires among indirect - investigative 
methods. It can be defined – according to N. Ničkovič - as "measuring tool by which can be examined what 
people mean about the different phenomena" (Horak, Chráska, 1983). The research questionnaire created for 
these purposes contained two parts. The first part of the questionnaire consisted of 13 questions and was focused 
on the finding of the preferred learning styles of students using standardized methods of VARK. The second part 
of the questionnaire consisted of 26 questions, in which students could use the rating scales to express their 
preference for individual structural elements of e-learning material. So we designed a questionnaire operated with 
the two types of questions. The first type were alternative questions (multiple choice) that were used for the 
detection of learning styles in terms of sensory preferences and in full accordance with the method of VARK. 
The second type of questions were polynomial scales (Horak, Chráska, 1983). By using these, respondents 
assessed the importance of the particular structural elements of e-learning materials according to a predetermined 
scale. This evaluation scale included a range of 5 degrees, where the number 1 meant that the element was not 
important to the respondent and vice versa the number 5 meant that this element was very important and fully 
complied with its preferences with regard to the learning style. 
The research sample consisted of 354 students of the Faculty of Education, Palacky University in Olomouc, 
who studied in the full-time and combined forms of study programmes through the LMS, with the use of 
electronic learning materials for distance education and e-learning. The selected research sample corresponded to 
the overall structure of students carrying out a full or part time study distance learning, as described 
investigations have been incorporated into routine schooling. The structure of the research sample is shown in the 
following Table 1: 
Table 1. Research sample structure 
Preferred learning 
style according to 
the VARK 
classification   
Preference 
of style 
preference 
of style % 
N of women N of men Women in  
v % 
Men in  v 
% 
Average age 
VISUAL  39 11,0 % 33 6 84,6 % 15,4 % 19,8 
AURAL  45 12,7 % 37 8 82,2 % 17,8 % 20,1 
READ/WRITE  90 25,4 % 74 16 82,2 % 17,8 % 20,3 
KINESTETIC  180 50,8 % 102 78 56,7 % 43,3 % 24,8 
In sum 354 100 % 246 108 69,5% 30,5% 21,25 
 
It was possible to use the above stated facts for an analysis of the research sample, which could be divided into 
groups according to the similarity of individual structural elements of e-learning materials used in e-learning in 
connection with the preferred learning styles of students according to the VARK classification, as described in 
further text of this study. 
5. Description of the course and the results of the research 
In accordance with the chosen method, an initial analysis of the data was made, based on the use of statistical 
methods of cluster analysis (Pošík, 2008). This method can be used if a plurality of objects could be divided into 
several relatively homogenous groups, for example to facilitate further analysis. These groups are called clusters 
and their number is either pre-determined or its determination is a part of the task. Statistical procedures 
developed for this purpose are classified into the cluster analysis (cluster analysis). The cluster analysis is highly 
empirical; therefore, various clustering methods may lead to different clusters, or to different numbers of clusters. 
443 Milan Klement et al. /  Procedia - Social and Behavioral Sciences  112 ( 2014 )  437 – 446 
1.1. The results of the first cluster analysis  
In our case, the goal was to divide the set of structural elements of electronic study materials used for 
education through e-learning, which represented the evaluation of characteristic groups of respondents in terms of 
their preferred learning style according to the VARK classification. In this way, the structural components of 
electronic learning materials were divided into groups with the similar range of values. In  other words, if there 
had occurred several structural elements that respondents rated very similarly with regard to the preferred 
learning style, these elements have created a cluster. The whole situation is evident from the Figure 1. 
 
 
Fig. 1 The evaluation of cluster analysis the structural elements of electronic learning materials according to the preferred learning style  
According to the cluster dendrogram presented in Figure 1, it can be concluded that the investigated structural 
elements of electronic learning materials used in e-learning have a strong tendency to split into 4 separate 
clusters, which could correspond to 4 preferred learning styles according to the VARK classification. This fact 
can be observed at distances connection of around of value 30 (shown in the picture by the blue horizontal line). 
1.2. Verification of the research assumption 
Furthermore, the factor analysis was performed. Given that this method is mathematically very difficult, the 
statistical module Statistica 7.0 (factor analysis procedure) was used for elaboration (Blahuš, 1985). The factor 
analysis was performed with the following parameters (Blahuš, 1988): The main components of rotation - 
Varimax normalized, in order to prove or reject the established research assumption. The following Table 
2 shows how many of percent of variance can clarify the particular factors which represent the groups of 
structural elements of electronic learning materials divided to the preferred learning style according to the 
classification VARK. By these 4 factors was explained 60.57% of the variance. 
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Table 2. Factor analysis of evaluation the particular structural elements. 
 
 
Factor 
Eigenvalues; Number of variables – 26 
Extraction: Main components; Rotation: Normalized varimax 
Eigenvalue Total variance (%) Cumulative eigenvalue Cumulative variance (%) 
1 6,272504 22,43271 6,27250 22,43271 
2 4,193476 15,28260 10,46598 37,71531 
3 4,037126 12,83510 14,50311 50,55041 
4 3,566294 10,02421 18,06940 60,57461 
 
On the basis of the factor analysis we can conclude that our research assumption that the variance of results 
in the evaluation of the particular structural elements the e-learning materials based on the student's learning 
style preferences can be explained by 4 factors, which represent 4 learning styles according to the VARK 
classification was possible to accept and considered it as proven.  
1.3. Interpretation of the results 
Based on the results of our research it can be concluded that students with regard to their preferred learning 
style according to the VARK classification can see 4 groups of structural elements the electronic learning 
materials used in education through e-learning, which they evaluate in a similar way. The first group was named 
on the basis of the characteristics the structural elements which it contains and which students have perceived as 
similar to a group of elements to support navigation in the studio. The second group consists of dynamic 
elements for multimediality content with a strong emphasis on interactivity content, thus an ability to manipulate 
with it. The third group consists of elements for interactivity in education, i.e. for mediation direct and indirect 
communication. Finally, the fourth group consists of static elements to mediate the content. The situation is 
shown in the Figure 2 below: 
 
 
Fig. 2. New typology of structural elements the electronic learning materials.   
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6. Conclusions 
The use of information and communication technologies in education at all types of schools are nowadays 
becoming common. Information and communication technologies have brought a huge positive effect that can 
appropriately complement and support education. Some modern forms of education in the Czech and foreign 
universities are even based on the use of information and communication technologies. This is mainly realized 
through distance learning with the use of e-learning, where the entire educational process is mediated, controlled 
and evaluated on the use of computer technology, specialized electronic learning materials and sophisticated 
software systems.  
Based on the results of the realized research it is possible to define a new typology of structural elements of 
electronic learning materials used in distance learning in the form of e-learning. This typology reflects one of the 
most important approaches to the classification of learning styles according to student’s preference of sensory 
perception, built on the use of a standardized VARK questionnaire. From this perspective, it is therefore possible 
to divide the structural features of these materials into 4 separate groups: 
x a group of elements to support navigation in the studio 
x a group of elements to provide multimediality content 
x a group of elements to provide interactivity in education, 
x a group of static elements to mediate the content. 
Currently, there are some opinions such as Lewis and Orton (Sak, Mares, 2007) who identify the various 
styles as a myth which should be stripped of the unnecessary gloss, and who, on the other hand, place greater 
emphasis on the concept of "learning strategies" (Mares, 1998). We do not identify with this view fully, as we 
consider the learning styles as an important determinant of effective education. By using learning styles in a fully 
electronic method of education, which is currently presented as e-learning, a new quality comes along to allow a 
valuable content presentation, interaction and also new comfort for students never seen before. This connection is 
to be studied constantly, new approaches that would allow the further development of the area should be 
explored, and principles allowing a deeper student´s interaction with the learning content, which information and 
communication technologies on the present level can provide already satisfactorily, should be formulated..  
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